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Research Summary

Research supported in the past few years under this grant at the CENTER FOR MATHEMATI-

CAL SYSTEM THEORY has emphasized two broad areas:

(i) AI-kl6i,; '_a, theory.

(ii) Identification of systems from noisy data.

The two topics are related to each other; indeed the new research on identificaton is based on mathe-

matical (primarily algebraic) ideas and techniques rather than the traditional aproach via probability

theory and statistics. During the period reported here, the second topic (studied mainly by the Princi-

pal Investigator and visitors) has been the area of main effort.

There is now a large body of new knowledge of identification, both as regards the general strategy

of research and many specific results and techniques. In particular, a very careful and in-depth analy-

sis of traditional techniques of statistics such as least squares (regression), principal components, and

factor analysis, has shown that these- :L-'ques are irreversibly "flawed" because they allow too much

role for "prejudices" (usually manifeste ,uesses at the nature of noise), rather than letting the data

"speak for itself'.

There has been practically no progress in the methodology of identification in the past forty years.

As has been argued in KALMAN [1988], it is absolutely necessary to eliminate preconceptions (techni-

cally, the preiudices) from the field, not only in order to make progress, but even to assess the limita-

tions and applicability of present methods.



A large amount of work has been done at the Center in the preparation of reanalyses of published

real data and the exposition of the new (algebraic, rather than probabilities) methods of analysis of

noisy data. A research monograph is in preparation (KALMAN [1989]), as well as at least four addi-

tional mathematical papers, some of which have been already presented at high-level research confer-

ences.

Research on basic aspects of algebraic system theory has also been active. (This research con-

tributes indirectly to the study of identification, because it is concerned with deep results about system

properties in the exact, that is, noise-free case. Evidently, noise-free identification must be well-

understood before one attempts to study the noisy case). In particular, BIRGET [1986-1987] has con-

tinued the study of discrete-time, discrete-state systems (automata) from the algebraic point of view;

BIRGET's research reported in these papers originated during his postdoctoral tenure (until 1985) at

the Center.

EMRE (Postdoctoral fellow in 1986) also continues his work on realization (i.e., noise-free identi-

fication) theory with collaborators at the University of Texas at Lubbock. A previous postdoctoral (in

the early 1980's) and now a permanent Center member, HAMMER [1987-88] has been very active in

research on the algebraic theory of nonlinear systems since rejoining the Center in the summer of 1987.

The research of the Principal Investigator has important implications on the highly controversial

debate concerned with the interpretation of quantum mechanics as a physical (i.e., "identifiable")

theory. While this is by no means the main thrust of the investigation by the Principal Investigator, he

has benefited from a research visit by ACCARDI [1988]. ACCARDI's work (University of Rome,

ITALY) on the probabilistics of quantum mechanics began completely independently of the research

under the grant but appears to be converging toward it, both in the kind of problems treated and in the

mathematical methodology.
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I. Pruprints

L. ACCARDI

[1988] "Cecchini's transition expectations and Markov chains", 6 pages, ac-
cepted by the Quantum Probability and Applications IV, Springer Lec-
ture Notes in Mathematcis.

L. ACCARDI and M. ABUNDO

[1988] "Squeezing corrections to the Bloch equations", 9 pages, tihriitted to
Physical Review.

L. ACCARDI and A. BACH

[1988:] "Central limits of squeezing operators", 15 pages, accepted by the
Quantum Probability and Applications IV, Springer Lecture Notes in
Mathematics.

[1988b] "The harmonic oscillator as quantum central limit of Bernoulli pro-
cesses", 32 pages, accepted by Probability Theory and Related Fields.

L. ACCARDI, A. FRIGERIO, and Y. G. LU

[1988] "On the weak coupling limit problem", 39 pages, accepted by Quantum
Probability and Applications IV, Springer Lecture Notes in Mathe-
matics.

L. ACCARDI and J. QUAEGEBEUR

[1988a] "The Ito algebra of quantum Gaussian fields", 36 pages, accepted by the
Journal of Functional Analysis.

[1988b] "The Fermion Levy Martingale representation theorem", 28 pages, ac-
cepted by the Journal of Functional Analysis.

L. ACCARDI and G. S. WATSON

[1988] "Quantum random walks and coherent quantum chains", 18 pages, ac-
cepted by the Quantum Probability and Applications IV, Springer Lec-
ture Notes in Mathematics.



J. C. BIRGET

[1987] "Two-way automaton computations", 34 pages, accepted by RAIRO, In-
formatique Theorique.

E. EMRE and J. H. SEO

[1987] "A realization theoretic solution of two analytic matrix equations with
v.pplication to stabilization of infinite dimensional systems", 33 pages,
accepted by IEEE Transactions on Automatic Control.

E. EMRE, H. TAI, and J. !-. SEO

[1987a] "Stabilization of continuous-time linear time-varying systems via transfer
matrices and fractional representations, presented in the Proceedings of
the American Control Conference, June 1988, 37 pages. [Previous title:
Transfer matrices, realization and control of continuous-time linear
time-varying systems via polynomial fractional representations]

[1987b] "Transfer matrices; polynomial fractions and realization of continuous-
time linear time-varying systems", submitted to Linear Algebra and Its
Applications.

J. HAMMER

[1988a] "Fraction representations and robust stabilization of nonlinear systems",
April 1988, 27 pages, to appear in Proceedings of the Nonlinear Control
Conference, Nantes, France, Springer-Verlag.

(1988b] "State feedback for nonlinear control systems", December 1988, 15 ages,
accepted for publication in International Journal of Control.

[1989] "Fraction representations of nonlinear systems and non-additive state
feedback", January 1989, 29 pages, accepted for publication in Interna-
tional Journal of Control.

R. E. KALMAN

[19871 'The problem of prejudice in scientific modeling", in RECENT AD-
VANCES IN COMMUNICATION AND CONTROL THEORY,
edited by R. E. Kalman, G. I. Marchuk, A. E. Rub erti, and A. J.
Viberti, Optimization Software, Inc., 1987, pages 448-461. (LC Card
No. 87-18604)
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[1986a] "Stability and j-depth of expansions", Bulletin of Australian Mathemati-
cal Society, 38 (1988) 41-54.

[1986b] "The synthesis theorem for finite regular semigroups, and its generaliza-
tion", Journal of Pure and Applied Algebra, 55 (1988) 1-79.

[19871 "Concatenation of inputs in a two-way automaton", Theoretical Com-
puter Science, 63 (1989) 141-156.

[1989] "Group theory via global semigroup theory", Journal of Algebra, 120
(1989) 284-300.

E. EMRE and J. H. SEO

[1987] "A realization theoretic solution of two analytic matrix equations with
application to stabilization of infinite dimensional systems", Inter-ation-
al Journal of Control, 48 (1988) 2011-2032.

J. HAMMER

[1987] "Assignment of dynamics for nonlinear recursive feedback systems", In-
ternational Journal of Control, 48 (1988) 1183-1212.

[1988] "On robust stabilization of nonlinear systems", International Journal of
Control, 49 (1989) 629-653.

R. E. KALMAN

[1989] IDENTIFICATION (research monograph), Springer, to appear in
1989.
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